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1
THIOL-ENE CURED OIL-RESISTANT
POLYACRYLATE SEALANTS FOR IN-PLACE
GASKETING APPLICATIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention provides curable compositions,
which cure upon exposure to ultraviolet (“UV”) light and/or
heat by a thiol-ene mechanism. The compositions include
components having alkenyl (or “ene”) functionality and com-
ponents having thiol functionality, which undergo thiol-ene
curing. Also provided are methods of making the composi-
tions.

2. Brief Description of Related Technology

UV-curable elastomers are used for a variety of applica-
tions, such as, for examples, adhesives and sealants. Known
UV-curable elastomers, including acrylic elastomers, par-
ticularly elastomers derived from blends of polymers sold
under the trade name VAMAC (available commercially from
Dupont) and acrylate monomers, often involve a number of
processing concerns. In particular, such UV-curable elas-
tomers generally require the use of rubber mills for com-
pounding and hot melt equipment for dispensing and appli-
cation. The application temperature may range anywhere
from 90-170° C. Moreover, such systems are inhibited by air
and require long exposures to high intensity light to ensure
cure. These requirements add costs to the process and also
prevent the use of thermal-initiated curing.

There is a need therefore for UV and/or heat curable elas-
tomers that proceed via a different curing mechanism. In
particular, there is a need for curable compositions based on
thiol-ene chemistry that can be used for a variety of applica-
tions, particularly as sealants for in-place gasketing applica-
tions.

SUMMARY OF THE INVENTION

The present invention provides a class of curable compo-
sitions based on thiol-ene chemistry, which may be useful as
sealants. In thiol-ene photocuring systems, the reaction gen-
erally proceeds by UV-induced addition of polythiols to poly-
enes, typically using photoinitiators. A background discus-
sion of the chemistry involved in thiol-ene curing systems
may be found in C. R. Morgan et al., Thiol/Ene Photocurable
Polymers, J. Polymer Science, vol. 15, 627-645 (1977).

The thiol-ene curing compositions described herein do not
involve the processing considerations noted above in connec-
tion with some acrylic systems. Thiol-ene curable systems are
not compromised through air inhibition, thereby permitting
cure by low-intensity UV-light and/or heat to obtain cured
surfaces. Moreover, these systems are relatively low viscosity
liquids, which provides for ease of dispensing and applica-
tion. The compositions cure rapidly without volatile emis-
sions. The cured products are elastomeric, strong and resis-
tant to oils and solvents, making the compositions
particularly suitable for gasketing and other sealing applica-
tions.

In one aspect, the present invention provides a composition
which includes:

(a) a vinyl polymer bearing at least one terminal functional
group having the formula I or II:
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I
RZ
Rl—C=C X
H
X
II
(HS)y—Ywnne

where:

R! and R? are independently selected from H, C,_4 alkyl
and C,_¢ cycloalkyl, or R and R* when taken together
with the carbon atoms to which they are attached com-
plete a C, ¢ cycloalkenyl ring optionally containing a
heteroatom and optionally substituted by one or more
halo groups;

X is selected from a bond, C, _, , hydrocarbyl, oxygen and
sulfur, wherein the C, ;, hydrocarbyl optionally
includes one or more groups selected from ether, thio-
ether, acetal, thioacetal, ester, thioester, urethane, urea,
thiourea, amine, amide, thioamide, carbamate and car-
bonate, and wherein the C, |, hydrocarbyl optionally is
substituted by one or more halo groups;

Y is selected from C, _, ; hydrocarbyl optionally including
one or more groups selected from ether, thioether, acetal,
thioacetal, ester, thioester, urethane, urea, thiourea,
amine, amide, thioamide, carbamate and carbonate, and
wherein the C,_,, hydrocarbyl optionally is substituted
by one or more halo groups;

x is 1to 4;

(b) a cross-linking agent including one or more of:

(1) athiol cross-linking agent when the vinyl polymer of (a)
bears at least one functional group having the formula I;
or

(i1) a vinyl cross-linking agent when the vinyl polymer of

(a) bears at least one functional group having the formula II;
and

(c) a cure system.

In another aspect of the present invention, there is provided

a method of preparing a curable composition, which includes
the steps of:

(a) providing a vinyl polymer bearing at least one func-

tional group having the formula I or II:

I
RZ
Rl—C=C X
H
X
II
(HS),— Ywan

where:

R! and R? are independently selected from H, C,_4 alkyl
and C,_ cycloalkyl, or R and R* when taken together
with the carbon atoms to which they are attached com-
plete a C, ¢ cycloalkenyl ring optionally containing a
heteroatom and optionally substituted by one or more
halo groups;

X is selected from a bond, C, , ; hydrocarbyl, oxygen and
sulfur, wherein the C, ;, hydrocarbyl optionally
includes one or more groups selected from ether, thio-
ether, acetal, thioacetal, ester, thioester, urethane, urea,
thiourea, amine, amide, thioamide, carbamate and car-
bonate, and wherein the C, _,, hydrocarbyl optionally is
substituted by one or more halo groups;
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Y is selected from C, _, , hydrocarbyl optionally including
one or more groups selected from ether, thioether, acetal,
thioacetal, ester, thioester, urethane, urea, thiourea,
amine, amide, thioamide, carbamate and carbonate, and
wherein the C,_, -, hydrocarbyl optionally is substituted
by one or more halo groups;

xis1to4;

(b) adding a cross-linking agent to the vinyl polymer, the
cross-linking agent including one or more of:

(1) a thiol cross-linking agent when the vinyl polymer of (a)
bears at least one functional group having the formula I;
or

(ii) a vinyl cross-linking agent when the vinyl polymer of
(a) bears at least one functional group having the for-
mula II; and

(c) adding a cure system to form a curable composition.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to curable compositions
that include both components having thiol functionality and
components having alkenyl, or ene, functionality. Based on
these functional groups, the compositions are cured by a
thiol-ene mechanism and thus are not inhibited by air. The
compositions can be cured by using relatively low-intensity
UV light or by heating to obtain a completely cured surface.
Additionally, the compositions are relatively low in viscosity
and can be readily processed and dispensed at ambient tem-
peratures. For instance, the compositions may have viscosi-
ties of about 1,000 to 5,000,000, more specifically about
10,000 to 500,000 mPa-s at 23° C., in some embodiments.
Conventional reinforcing agents can be added to the compo-
sitions, while still maintaining good processing properties.
This improves the mechanical strength and reduces the oil
swell of the cured product.

These inventive compositions are useful in a variety of
end-use applications including adhesive, sealant, coating and
potting applications, as well as other uses in the electronic,
automotive and consumer markets. For instance, the compo-
sitions are suitable as sealants for in-place gasketing applica-
tions, such as, automotive gasketing applications.

The term “cure” or “curing,” as used herein, refers to a
change in state, condition, and/or structure in a material that
is usually, but not necessarily, induced by at least one vari-
able, such as time, temperature, moisture, radiation, presence
and quantity in such material of a curing catalyst or accelera-
tor, or the like. The terms cover partial as well as complete
curing.

The compositions of the present invention include a com-
ponent having thiol functionality, a component having alk-
enyl functionality and a cure system. In some embodiments,
the compositions include a vinyl polymer bearing either alk-
enyl or thiol terminal functional group(s). Depending on the
type of terminal functional group(s) on the polymer, i.e.,
alkeny] or thiol, the composition also includes a cross-linking
agent having the opposing functionality. By “opposing” func-
tionality, it is meant a cross-linking agent having thiol func-
tionality in embodiments where the vinyl polymer has alkenyl
terminal functional group(s) and a cross-linking agent having
alkenyl functionality where the vinyl polymer has thiol ter-
minal functional group(s).

More specifically, the vinyl polymer bears at least one
terminal functional group having the formula I or II:
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I
RZ
Rl—C=C X
H
X
II
(HS)y—Ywnne

where:

R! and R? are independently selected from H, C,_4 alkyl
and C,_¢ cycloalkyl, or R and R* when taken together
with the carbon atoms to which they are attached com-
plete a C, ¢ cycloalkenyl ring optionally containing a
heteroatom and optionally substituted by one or more
halo groups;

X is selected from a bond, C, _, , hydrocarbyl, oxygen and
sulfur, where the C, , ; hydrocarbyl optionally includes
one or more groups selected from ether, thioether, acetal,
thioacetal, ester, thioester, urethane, urea, thiourea,
amine, amide, thioamide, carbamate and carbonate, and
where the C, _,, hydrocarbyl optionally is substituted by
one or more halo groups;

Y is selected from C,_;, hydrocarbyl optionally compris-
ing one or more groups selected from ether, thioether,
acetal, thioacetal, ester, thioester, urethane, urea, thio-
urea, amine, amide, thioamide, carbamate and carbon-
ate, and where the C,_,, hydrocarbyl optionally is sub-
stituted by one or more halo groups; and

xis1to4.

In the definition of R and R" above, the C,_, cycloalkenyl
ring may optionally contain a heteroatom. In such embodi-
ments, one or more of the carbon atoms in the ring optionally
are hetero element(s) other than carbon, for example, nitro-
gen, oxygen or sulfur.

Inthe definitions of X and Y above, the hydrocarbyl groups
may be linear or branched and may include cyclic groups.

In some embodiments, X may be a linear or branched C, ;,
hydrocarbyl optionally including one or more groups selected
from ether, thioether, acetal, thioacetal, ester, thioester, ure-
thane, urea, thiourea, amine, amide, thioamide, carbamate
and carbonate.

In some embodiments, Y is selected from linear or
branched C,_,, hydrocarbyl optionally including one or more
groups selected from ether, thioether, acetal, thioacetal, ester,
thioester, urethane, urea, thiourea, amide, thioamide, carbam-
ate and carbonate.

In some instances, Y in formula II above attaches to the
main chain of the vinyl polymer via a sulfur atom, for
example, when a multi-functional thiol forms the terminal
functional group(s). In particular, one thiol group of the
multi-functional thiol may be consumed in the reaction,
thereby resulting in attachment to the main chain of the vinyl
polymer via a sulfur atom. Such attachment may be repre-
sented by the following formula II(a):

I
(HS),— Y —Swan @

As represented in formulas I and II above, each terminal
alkeny] or thiol functional group may have a degree of func-
tionality of 1 to 4. In addition, the vinyl polymers may bear
more than one terminal functional group of formulas I or II.
For instance, in some embodiments, the vinyl polymer may
bear four terminal functional groups of formulas I or II,
thereby increasing the overall degree of functionality of the
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vinyl polymer. Accordingly, the vinyl polymers described
herein may have a degree of functionality of alkeny] or thiol
terminal functional groups of 1 to 12.

Vinyl polymers bearing the terminal functional group(s) of
formula I or II shown above bear terminal alkenyl or thiol
functional groups. These vinyl polymers are combined with
the opposing cross-linking agents for thiol-ene curing. In
some embodiments, in addition to the thiol-ene cure, the vinyl
polymers may also include terminal alkoxysilane groups,
which would add moisture-curing capability to the composi-
tions. Alternatively, in some embodiments, the vinyl poly-
mers do not bear any alkoxysilane groups, or particularly
terminal alkoxysilane groups. In embodiments that do not
include alkoxysilane groups, the compositions may not be
moisture curing. In such embodiments, the compositions are
free of moisture curing catalysts.

In particular, the vinyl polymer bearing at least one termi-
nal functional group of formula I represented above contains
at least one alkenyl terminal functional group. In some
embodiments, the compositions include a thiol cross-linking
agent in combination with this polymer, thereby including a
vinyl polymer component with alkenyl functionality and a
cross-linking agent with thiol functionality.

In some other embodiments, the vinyl polymer bearing at
least one terminal functional group of formula II represented
above contains at least one thiol terminal functional group.
Such compositions include a vinyl cross-linking agent in
combination with this polymer, thereby including a vinyl
polymer component with thiol functionality and a cross-lik-
ing agent with vinyl functionality.

In still other embodiments, the compositions may include
both a vinyl polymer bearing at least one terminal functional
group of formula I and a vinyl polymer bearing at least one
terminal functional group of formula II. Accordingly, such
compositions include both a vinyl polymer having alkenyl
functionality and a vinyl polymer having thiol functionality.
These polymers are capable of cross-linking with one another
through a thiol-ene mechanism.

Desirably, the alkenyl and thiol components are combined
in stoichiometric or near stoichiometric levels. More specifi-
cally, the thiol-ene curing of the compositions occurs by a
step-growth mechanism. The functionality of the alkenyl and
vinyl components and the reaction stoichiometry are desir-
ably adjusted to obtain a gelled three dimensional network
upon cure. [fthe molecular weight and the functionality of the
thiol and alkenyl components are known, the extent of reac-
tion at gel point (o) can be determined from the following
equation:

a=1Arf~ D (-1}

where f, and f, represent the weight-average functionality of
alkenyl and thiol components respectively and r is the sto-
ichiometric imbalance (i.e., the ratio of the number of reactive
equivalents of thiol:alkenyl or alkenyl thiol, whichever is the
lesser). To obtain a chemically cross-linked polymer, it is
necessary to select f, f, and r such that a<1.

The equivalent weight ratio of thiol:alkenyl components or
alkenyl:thiol components in the compositions described
herein is about 0.5:1 to 1.5:1, more desirably about 0.8:1 to
1.2:1, and even more desirably about 1:1, provided that the
ratios selected result in a chemically cross-linked product.
When the ratio of thiol:alkenyl groups is about 1:1, there is an
equal number of thiol and alkenyl functional groups present
in the composition, which is generally desirable in most
embodiments for optimal curing of the compositions.

The average functionality of all of the alkenyl and thiol
groups present desirably is greater than 2. In particular, in
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6

some embodiments, the average functionality of the alkenyl
terminal functional group(s) of formula I present on the vinyl
polymer and the thiol functional groups of the thiol cross-
linking agent is greater than 2. In some other embodiments,
the average functionality of the thiol terminal functional
groups(s) of formula II present on the vinyl polymer and the
alkenyl functional groups of the vinyl cross-linking agent is
greater than 2. The average functionalities of the alkenyl and
vinyl groups in the composition can be balanced with ratio
“r”, within the ranges set forth above, to obtain a<1 in the
equation above, and thus, a chemically cross-linked polymer
composition upon cure. For instance, although the ratio “r” of
thiol:alkenyl components desirably is about 1:1 in some
embodiments, ratios of about 0.5:1 to about 1.5:1 are effective
provided the average functionalities of the alkenyl and thiol
components are sufficiently high to provide a<1.

Suitable vinyl polymers, thiol cross-linking agents and
vinyl cross-linking agents are described in more detail in the
following sections.

Vinyl Polymers

The main polymer chain of the vinyl polymer may be
formed by polymerization of vinyl monomers. Desirably, the
vinyl polymer is formed from non-homopolymerizable alk-
enes. [llustrative vinyl monomers include, for example, but
are not limited to, (meth)acrylic acid monomers such as
(meth)acrylic acid, methyl(meth)acrylate, ethyl(meth)acry-
late, n-propyl(meth)acrylate, isopropyl(meth)acrylate, n-bu-
tyl (meth)acrylate, isobutyl(meth)acrylate, tert-butyl(meth)
acrylate, n-pentyl(meth)acrylate, n-hexyl(meth)acrylate,
cyclohexyl(meth)acrylate, n-heptyl(meth)acrylate, n-octyl
(meth)acrylate, 2-ethylhexyl(meth)acrylate, nonyl(meth)
acrylate, decyl(meth)acrylate, dodecyl(meth)acrylate, phe-
nyl(meth)acrylate, toluyl(meth)acrylate, benzyl(meth)acry-
late, 2-methoxyethyl(meth)acrylate, 3-methoxybutyl(meth)
acrylate, 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, stearyl(meth)acrylate, glycidyl (meth)
acrylate, 2-aminoethyl(meth)acrylate,
-(methacryloyloxypropyDtrimethoxysilane, (meth)acrylic
acid-ethylene oxide adducts, trifluoromethylmethyl(meth)
acrylate, 2-triffuoromethylethyl(meth)acrylate, 2-perfluoro-
ethylethyl(meth)acrylate,  2-perfluoroethyl-2-perfluorobu-
tylethyl(meth)acrylate, 2-perfluoroethyl(meth)acrylate,
perfluoromethyl (meth)acrylate, diperfluoromethylmethyl
(meth)acrylate, 2-perfluoromethyl-2-perfluoroethylethyl
(meth)acrylate, 2-perfluorohexylethyl(meth)acrylate, 2-per-
fluorodecylethyl(meth)acrylate and
2-perfluorohexadecylethyl(meth)acrylate; styrenic mono-
mers such as styrene, vinyltoluene, c.-methylstyrene, chlo-
rostyrene, styrenesulfonic acid and salts thereof; fluorine-
containing vinyl monomers such as perfluoroethylene,
perfluoropropylene and vinylidene fluoride; silicon-contain-
ing vinyl monomers such as vinyltrimethoxysilane and vinyl-
tiethoxysilane; maleic anhydride, maleic acid, maleic acid
monoalkyl esters and dialkyl esters; fumaric acid, fumaric
acid monoalkyl esters and dialkyl esters; maleimide mono-
mers such as maleimide, methylmaleimide, ethylmaleimide,
propylmaleimide, butylmaleimide, hexylmaleimide, octyl-
maleimide, dodecylmaleimide, stearylmaleimide, phenylma-
leimide and cyclohexylmaleimide; nitrile-containing vinyl
monomers such as acrylonitrile and methaerylonitrile;
amido-containing vinyl monomers such as acrylamide and
methacrylamide; vinyl esters such as vinyl acetate, vinyl pro-
pionate, vinyl pivalate, vinyl benzoate and vinyl cinnamate;
alkenes such as ethylene and propylene; conjugated dienes
such as butadiene and isoprene; vinyl chloride, vinylidene
chloride, allyl chloride, allyl alcohol, and the like. These
monomers may be used each alone or a plurality of them may
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be copolymerized. Particularly advantageous are those poly-
mers formed from (meth)acrylate monomers.

For instance, the vinyl polymer may be selected from, but
is not limited to, poly(meth)acrylates, polystyrenes, polyb-
utadienes, polyvinylidene chlorides, polyacrylamides and
combinations thereof. In general, the vinyl polymers do not
have silicon and oxygen repeating units in the polymer back-
bone. The vinyl polymers can include additional functional
groups without compromising the nature of the vinyl polymer
backbone.

In some instances, the vinyl polymer backbone may
include a fragment of an initiator from the polymerization
process. For example, diethyl meso-2,5-dibromoadipate may
be used as an initiator and thus a fragment of this initiator may
form part of the polymer backbone, as shown in Example 3 of
this invention. Other examples can be seen in the vinyl poly-
mers of formulas VIa-VIj below.

Vinyl Polymers Bearing Terminal Alkenyl Functional Groups

The vinyl polymer, including any of the vinyl polymer
chains described above, may bear at least one alkenyl termi-
nal functional group. Such polymers may be combined with
thiol cross-linking agents, which are described in more detail
below. In some embodiments, the alkenyl-functionalized
polymer may be combined with a vinyl polymer bearing thiol
functional group(s) of formula II above.

More specifically, the compositions may include a vinyl
polymer having the following formula III:

11T

where A is a vinyl polymer backbone, n is 1 to 64 and the
remaining variables are as defined above. Vinyl polymer
backbone, A, may be linear or branched. The alkenyl func-
tional group(s) shown in formula III are terminal group(s).

In some embodiments, the compositions include a vinyl
polymer of formula III above in which n is 2 and the vinyl
polymer backbone A is selected from the following formulas
Vand VI:

v
and

(6] (6]

L
VI

5

R*00C i

»

r

R*00C RS

where:
R® is selected from C,, alkyl, —CH,OCH, and
—CH,CH,OCH;;

R* is selected from C,_, alkyl;

R? is independently selected from —OC(O)—CH,—CHs;
—O0OC(0)—CH,—CH,—O0OCH;; and —OC(0O)—(CH,);—
CH;;
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m is 10 to 10,000, and

p is 5 to 5,000.

In some embodiments, R® in formula V above is selected
from butyl, particularly n-butyl, ethyl, hexyl, methoxyethyl
and methoxymethyl. In some embodiments, R* in formula VI
is ethyl.

For instance, in some embodiments, the vinyl polymer
bearing terminal alkenyl functional group(s) may be selected

from the following formulas VIa-Vle:
, (VIa)
R*00C j\/
Rl
RSN
Rl
R*00C R R2
X . (VIb)
)
MX )\
[o R!
O
X
R R!
(VIc)
-~ (Vd)
0 R!
AN ’ X%
R R?
L 4
o (VIe)
°~ W X
= g A \3/‘."\ RrR!
R R?
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where R is independently selected from —OC(O)—
CH,—CH;; —OC(O)—CH,—CH,—OCH;; and —OC
(O)—(CH,);—CH;; and the remaining variables are as
defined above.
Vinyl Polymers Bearing Terminal Thiol Functional Groups

In some other embodiments, the vinyl polymer, including
any of the vinyl polymer chains described above, may bear at
least one thiol terminal functional group. Such polymers may
be combined with alkenyl cross-linking agents, which are
described in more detail below. In some embodiments, the
thiol-functionalized polymer may be combined with a vinyl
polymer bearing alkenyl functional group(s) of formula I
above.

More specifically, the compositions may include a vinyl
polymer having the following formula IV:

v
(HSy—Y3—A

where A is a vinyl polymer backbone, n is 1 to 64 and the
remaining variables are as defined above. Vinyl polymer
backbone, A, may be linear or branched. The thiol functional
group(s) shown in formula III are terminal groups.

Even more specifically, the compositions may include a
vinyl polymer of formula IV above in which n is 2 and the
vinyl polymer backbone A is selected from formulas V and
V1, as set forth above. In some embodiments, R? in formulaV
above is selected from butyl, particularly n-butyl, ethyl,
hexyl, methoxyethyl and methoxymethyl. In some embodi-
ments, R* in formula VI is ethyl.

For instance, in some embodiments, the vinyl polymer
bearing terminal thiol functional group(s) may be selected
from the following formulas VI{-VIj:

(VI
R4Oé::¢
R*0O0OC
(VIg)
R
O SH
W}» v
[O
(0]
Y.
OW ~ SH
R
(VIh)
Y.
ol
R
R
SH
n Y /
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10

-continued

eb e
W

(VIi)

V)

f R
MY/SH

where R is independently selected from —OC(O)—
CH,—CH;; —OC(0O)—CH,—CH,—OCH;; and —OC
(O)—(CH,);—CH;; and the remaining variables are as
defined above.

Thiol Cross-Linking Agents

The thiol cross-linking agent may be any thiol-containing
component capable of cross-linking the vinyl polymer bear-
ing alkenyl functional group(s) through a thiol-ene mecha-
nism. In some embodiments, the thiol cross-linking agent is
non-polymeric. In some other embodiments, the thiol cross-
linking agent is a polymer. For instance, in some embodi-
ments, a vinyl polymer bearing thiol functional group(s) of
formula IT above may be employed as the thiol cross-linking
agent to form a thiol-ene curing composition.

In some embodiments, the thiol cross-linking agent is a
tetrafunctional thiol. Examples of suitable thiol cross-linking
agents include, but are not limited to, pentaerythritol tetrakis
(3-mercaptopropionate), ethoxylated pentaerythritol tetrakis
(3-mercaptopropionate), thiol-functionalized polydimethyl
siloxanes, thiol-terminated polysulfides, dipentaerythritol
hexakis thioglycolate, trimethylolpropane tris(2-mercap-
toacetate), pentacrythritol tetrakis(2-mercaptoacetate), trip-
entaerythritol octakis thioglycollate, mercaptan-terminated
propoxylated glycerol (Capcure 3-800), ethyleneglycol bis
(3-mercaptopropionate), trimethylolpropane tris(thioglyco-
late) and combinations thereof.

Vinyl Cross-Linking Agents

The vinyl cross-linking agent may be any vinyl-containing
component capable of cross-linking the vinyl polymer bear-
ing thiol functional group(s) through a thiol-ene mechanism.
In some embodiments, the vinyl cross-linking agent is non-
polymeric. In some other embodiments, the vinyl cross-link-
ing agent is a polymer. For instance, in some embodiments, a
vinyl polymer bearing alkenyl functional group(s) of formula
1 above may be employed as the vinyl cross-linking agent to
form a thiol-ene curing composition.

Examples of suitable vinyl cross-linking agents include,
but are not limited to, 1,3,5-triallyl-1,3,5-triazine-2,4,6(1H,
3H,5H)-trione (also referred to as triallylisocyanurate), trial-
1yl cyanurate, diallyl bisphenol A, diallylether bisphenol A,
triethyleneglycol divinyl ether, cyclohexanedimethanol divi-
nyl ether, multi-functional norbornene monomers prepared
by reaction of multifunctional acrylates with cyclopentadi-
ene, norbornadiene, 1,2,4-benzenetricarboxylic acid tris[4-
(ethenyloxy)butyl]ester, vinylcyclohexene, 1,2.4-trivinylcy-
clohexane and combinations thereof.
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Suitable multi-functional norbornene monomers prepared
by reaction of multifunctional acrylates with cyclopentadiene
are described more fully in U.S. Pat. No. 4,808,638, which is
incorporated herein by reference in its entirety.

Cure System

The compositions also include a cure system. The cure
system includes at least one initiator for initiating thiol-ene
curing of the compositions described herein. Initiators
include photoinitiators, thermal initiators and combinations
thereof.

Suitable photoinitiators for use herein include, but are not
limited to, benzophenone and substituted benzophenones,
acetophenone and substituted acetophenones, benzoin and its
alkyl esters, xanthone and substituted xanthones, diethoxy-
acetophenone, benzoin methyl ether, benzoin ethyl ether,
benzoin isopropyl ether, diethoxyxanthone, chloro-thio-xan-
thone, N-methyl diethanol-amine-benzophenone, 2-hy-
droxy-2-methyl-1-phenyl-propan-1-one, 2-benzyl-2-(dim-
ethylamino)-1-[4-(4-morpholinyl)phenyl]-1-butanone, bis
acyl phosphine oxides, camphorquinone, metallocenes and
mixtures thereof.

Exemplary photoinitiators include those available com-
mercially from Ciba Specialty Chemicals, under the “IRGA-
CURE” and “DAROCUR?” trade names, specifically “IRGA-
CURE” 184 (1-hydroxycyclohexyl phenyl ketone), 907
(2-methyl-1-[4-(methylthio)phenyl]-2-morpholino propan-
l-one), 369 (2-benzyl-2-N,N-dimethylamino-1-(4-mor-
pholinophenyl)-1-butanone), 500 (the combination of 1-hy-
droxy cyclohexyl phenyl ketone and benzophenone), 651
(2,2-dimethoxy-2-phenyl acetophenone), 1700 (the combi-
nation of bis(2,6-dimethoxybenzoyl-2,4,4-trimethyl pentyl)
phosphine oxide and 2-hydroxy-2-methyl-1-phenyl-propan-
l-one), and 819 [bis(2,4,6-trimethyl benzoyl)phenyl
phosphine oxide] and “DAROCUR” 1173 (2-hydroxy-2-me-
thyl-1-phenyl-1-propan-1-one) and 4265 (the combination of
2.,4,6-trimethylbenzoyldiphenyl-phosphine oxide and 2-hy-
droxy-2-methyl-1-phenyl-propan-1-one); and the visible
light [blue] photoinitiators, dl-camphorquinone and “IRGA-
CURE” 784DC. Of course, combinations of these materials
may also be employed herein.

Examples of suitable thermal initiators for use herein
include, but are not limited to, peroxides, hydroperoxides and
azonitriles, including benzoyl peroxide, tert-butyl perben-
zoate, cumene hydroperoxide, tert-butyl hydroperoxide, 2,2'-
azobis(isobutyronitrile), 1,1-azobis-cyclohexanecarbonitrile
and mixtures thereof.

The amount of the initiators used in the compositions will
typically be in the range of between about 0.1% to about 10%
of the composition, and desirably from about 0.5% to about
5% by weight of the composition.

Optional Additives

The compositions also may include a variety of optional
additives, such as, but not limited to, stabilizers, antioxidants,
reinforcing agents, fillers, pigments, dyes, plasticizers and the
like or mixtures thereof.

For fillers, generally any suitable mineral, carbonaceous,
glass, or ceramic filler may be used, including, but not limited
to: fumed silica; clay; metal salts of carbonates; sulfates;
phosphates; carbon black; metal oxides; titanium dioxide;
ferric oxide; aluminum oxide; zinc oxide; quartz; zirconium
silicate; gypsum; silicium nitride; boron nitride; zeolite;
glass; plastic powder; and combinations thereof. Fumed alu-
minum oxide and fumed silica are particularly desirable. The
filler may be present in the composition in any suitable con-
centration in the curable composition. Generally, concentra-
tions of from about 5% to about 80% by weight of the com-
position are sufficient. However, a more desirable range
would be 20-60%.

Among the more desirable fillers are reinforcing silicas.
The silica may be a fumed silica, which may be untreated
(hydrophilic) or treated with an adjuvant so as to render it
hydrophobic. The fumed silica should be present at a level of
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at least about 5% by weight of the composition in order to
obtain any substantial reinforcing effect. Although optimal
silica levels vary depending on the characteristics of the par-
ticular silica, it has generally been observed that the thixotro-
pic effects of the silica produce compositions of impractically
high viscosity before maximum reinforcing effect is reached.
Hydrophobic silicas tend to display lower thixotropic ratios
and therefore greater amounts can be included in a composi-
tion of desired consistency. In choosing the silica level there-
fore, desired reinforcement and practical viscosities must be
balanced. A hexamethyldisilazane treated silica is particu-
larly desirable (such as HDK2000, offered for sale commer-
cially by Wacker-Chemie, Burghausen, Germany).

Methods of Preparing and Using the Compositions and Reac-
tion Products Formed Therefrom

The present invention also provides methods of preparing
curable compositions, which include a component having
thiol functionality, a component having alkenyl functionality
and a cure system. In accordance with such methods, a vinyl
polymer bearing at least one terminal functional group having
the formula I or II, as defined above, is provided. A cross-
linking agent is added to the vinyl polymer. When the vinyl
polymer bears alkenyl terminal functional group(s) of for-
mula I, a thiol cross-linking agent is added. When the vinyl
polymer bears thiol terminal functional groups of formula II,
avinyl cross-linking agent is added. Any of the cross-linking
agents described herein may be employed. A cure system, as
described above, also is added to form the curable composi-
tion.

The compositions are useful in many applications, such as
bonding together substrates, at least one of which is con-
structed of a metal or a synthetic material. Examples of such
metals include steel and aluminum; and of the synthetic mate-
rials are of glass cloth phenolics and phenolic composites.
The compositions may be used to form gaskets, particularly
form-in-place gaskets (“FIPG”) or cure-in-place gaskets
(“CIPG™).

In accordance with some embodiments, methods of using
the curable compositions to seal together two or more sub-
strates are provided. First, any of the curable compositions
described above can be applied to at least one of two substrate
surfaces. In some embodiments, the substrate surfaces are
mated in an abutting relationship to form an assembly. Sub-
sequently, the composition is exposed to an energy source.
Suitable energy sources include, for example, radiation, heat
or a combination thereof. Radiation includes UV light. The
abutting relationship of the substrates is maintained for a time
sufficient to allow the composition to cure.

Alternatively, in some embodiments, the composition may
be applied to at least one of two substrate surfaces and then
exposed to the energy source prior to mating the surfaces
together to form the assembly. In gasketing applications, for
example, the curable composition may be applied to one of
the substrates which will form part of the gasket, cured or at
least partially cured, and then joined to a second substrate to
form a gasket assembly. Such gasketing applications include,
for example, FIPG and CIPG. For example, in UV-cured
CIPG, abead of the composition may be applied to a substrate
and first cured by exposure to UV light and then mated to a
second substrate to form a compression seal.

The present invention additionally provides reaction prod-
ucts of the curable compositions described herein. More spe-
cifically, such product is formed upon exposure of any of the
compositions described herein to curing conditions. Curing
conditions include radiation, heat or a combination thereof.
Radiation includes UV light, as well as other forms of light,
such as visible, infrared and other forms of electromagnetic
radiation.
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FXAMPLES

Example 1

Inthis example, allylether hemiacetal ester terminated poly s
(n-butyl acrylate) was synthesized, according to the follow-
ing reaction scheme.

HOOC R (0]
~ R \COOH 4 /\O/\/ \/\

n

lNeat, 65°C.,2h

(€]
/\/0\/\/LJ\ FE e e W
(6] O R/(j/)\/\l(l/Y O
(6] (6]

A solution of carboxylic acid terminated poly(n-butyl yield as a viscous liquid. JR spectroscopic analysis confirmed
acrylate) (27.5 g; ~0.01 moles) with an acid value of 98 mg that all of the carboxylic acid was consumed and 'H NMR
KOH/g and an average molecular weight of about 2,750 _  anpalysis indicated the presence of 1-allyoxyethoxyethyl

(CBB-3098 supplied by Esprix Technologies, Sarasota, Fla., hemiacetal ester or the starling carboxylic acid.

USA) and 1-allyloxy-2-vinyloxyethane (6.272 g; 0.049

moles) (prepared as described by J. Crivello et al, J. Polym.

Sci. Part A, 1996, 34, 1015) was stirred and heated to about Example 2

65° C. for 2 hours. The resulting resin was cooled to ambient

temperature and evacuated on a rotary evaporator for 4 hours 40 In this example, hydroxyl terminated poly(n-butyl acry-

at 0.5 torr to remove excess unreacted vinyl ether monomer. late) was esterified with 10-undecenoyl chloride, according to
The allylic functionalized resin was recovered in quantitative the following reaction scheme.
HO R
Y < Son + cl
W\
(6] (6] 0

Pyridine, toluene
65°C.,3h
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10-Undecenoyl chloride (8.526 g; 0.042 moles) was added
slowly to a stirred solution of hydroxyl terminated poly(n-
butyl acrylate) (26.5 g; ~0.01 moles) with an hydroxyl num-
ber of 185 mg KOH/g and an average molecular weight of
about 2,450 (UMB-2005B, supplied by Esprix Technologies,
Sarasota, Fla., USA) in toluene (50 mL) and pyridine (3.95 g)
at 60° C. After the addition was complete, the reaction mix-
ture was heated for an additional 3 hours and then cooled. The
mixture was filtered, washed with dilute hydrochloride acid
solution and then with sodium chloride solution and dried
over anhydrous sodium sulfate. The desiccant was removed
by filtration and the filtrate evacuated on a rotary evaporator at
0.5 torr and 50° C. to constant weight (~2 hours). IR spectro-
scopic analysis confirmed that all of the hydroxyl was con-
sumed and 'H NMR analysis indicated the presence of unde-
cenyl substituted ester.

Example 3
In this example, vinyl ether terminated poly(ethyl acrylate-

co-2-methoxyethyl acrylate) was synthesized, according to
the following reaction scheme,

FEtOOC
> \/ R
—_—
PMDETA
Br DMSO
Cu(0)
FEtOOC
R
Et00C Br
i R /\/\ /\
N 0”7 X
R
?
FEtOOC R Br
R /\/\ /\
EtOOC HN © \
'p R
R
>
EtOOC
R HN\/\/O\/
R= —O0C(0)—CH,—CH; and ——0C(0)—CH,—CH,—OCH;

An equimolar blend of ethyl and 2-methoxyethyl acrylates
(230 g) was polymerized by SET-LRP method described by
V. Percec et al, J. Am. Chem. Soc. 2006, 128, 14156, using
diethyl meso-2,5-dibromoadipate as initiator, pentamethyldi-
ethylenetriamine as ligand, DMSO as solvent and 20-30 mesh
copper shot as catalyst with monomers/initiator/ligand/sol-
vent/catalyst in the mole ratios 100/1/0.5/50/10 respectively.
After 6 hours at ambient temperature, the extent of polymer-
ization had reached ~90% as determined by IR spectroscopy.
The polymer was precipitated from the reaction mixture by
addition of methanol/water, separated and diluted in THF.
The THF solution was filtered through alumina and the filtrate
evacuated on a rotary evaporator at 0.5 torr to yield ~200 g of
a dibromo terminated, viscous liquid polymer having a num-
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ber average molecular weight of 11,200 and a polydispersity
of 1.2 (GPC, PMMA standards). A 20 g sample of the poly-
mer (~0.004 eq) was dissolved in a solution of DMSO (20
ml) and triethylamine (2 mL) and 3-aminopropyl vinyl ether
(4.0 g,0.04 eq) was added while the mixture was stirred. After
40 hours stirring, the solution was precipitated in methanol/
water, separated and dissolved in THF. The solvent and
residual volatile components were removed by distillation on
a rotary evaporator at 0.5 torr and 50° C., 'H NMR analysis
and IR analyses of the isolated material were consistent with
that of an aminopropylvinyl ether terminated copolymer of
ethyl and 2-methoxyethyl acrylates.

Example 4

In this example, alkenyl terminated acrylate terpolymer
was synthesized, according to the following reaction scheme.

EtOOC
¥ \/ R
[ —.
PMDETA
Br DMSO
Cu(0)
EtOOC
R
EtOOC R
'p Br
/\/\/\/
31, 55°C.
Br
P
EtOOC R R
R
EtOOC R Br
EtOOC R R Br
R= —O0OC(0)—CH,—CH;, ——OC(0)—CH,—CH,—OCH; and

——OC(0)—(CHy)3—CH;

A blend of ethyl, 2-methoxyethyl and n-butyl acrylate in
mole ratios 2/1/1 (229 g) was polymerized by the method
described in Example 3 with monomers/initiator/ligand/sol-
vent/catalyst in the mole ratios 180/1/0.5/90/10 respectively.
When the conversion of monomers reached ~90% as mea-
sured by IR a ten-fold excess of 1,7-octadiene relative to
initiator (6.11 g; 0.056 moles) was added and the mixture
heated to 55° C. After 3 hours, the mixture was cooled to
ambient temperature, the polymer precipitated by addition of
methanol/water, separated and diluted in THF The THF solu-
tion was filtered through alumina and the filtrate evacuated on
a rotary evaporator at 0.5 torr to yield ~190 g of a dialkenyl
terminated, viscous liquid polymer having a number average
molecular weight of 20,200 and a polydispersity of'1.3 (GPC,
PMMA standards). The structure of the polymer was con-
firmed by 'H NMR spectroscopy.

Example 5
In this example, thiol functionalized polymer was synthe-

sized by reaction of intermediate epoxide with thioacetic
acid, as shown in the following reaction scheme.
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copy. An aliquot of the polymer (20 g; ~0.004 eq) was treated
EO0C with an excess of thioeacetic acid (1.5 g; 0.02 eq) in the
B presence of a catalytic amount of 1,8-diazabicyclo[5.4.0]un-
iy .
\/R s dec-7-ene (DBU) and the mixture heated to 65° C. for 4 hours.
PMDETA The resulting polymer was precipitated in methanol/water,
Br DMSO separated and diluted in THF. The THF solution was filtered
Cu(®) through alumina and the solvent evaporated to yield a 3-hy-
Eo0C R R droxy thiol terminated polymer in about 85% yield.
EtOOC 10
2 Br T>/\ o /\/
Example 6
Br 15
r
FtOOC X 2 Photocurable thiol-ene compositions were prepared in
R R Br accordance with the present invention.
EtOO0C o L. . . . .
o O Stoichiometric monomeric and polymeric thiol-ene pre-
A \/<I )J\ 5o mixes were prepared in accordance with the components and
SH amounts indicated in Table 1. Tetra thiols, ethoxylated pen-
DBU taerythritol tetrakis(3-mercaptopropionate) (PP150-TMP)
O/\<| 45; 65°C. and pentaerythritol tetrakis(3-mercaptopropionate)
BOOC ’ 0 (PETMP) were supplied by Robinson Brothers, UK and Ald-
! R R Br rich respectively. Triallylisocyanurate (1,3,5-triallyl-1,3,5-
triazine-2,4,6-trione) was supplied by Aldrich.
TABLE 1
Stoichiometric thiol-ene premix compositions
Monomer Polymer Monomer Polymer
premix A premix A premix B premix B
Component Equivalent weight weight % weight % weight % weight %
Alkene polymer 10,100 974 98.8
of Example 4
PP150-TMP 267 76.3 2.6
PETMP 122 59.5 12
Triallylisocyanurate 83 23.7 40.5
-continued 40 Two photocurable thiol-ene compositions, A and B, were
FOOC R R Br OH then pre?pared by blending together, under.yellov&{ lighting, the
o SH respective monomer and polymer premixes with filler and
A photoinitiator, according to the amounts listed in Table 2.
45
TABLE 2
p (0) SH Composition A Composition B
Component weight % weight %
RooC R R Br on -
R= ——OC(Q)—CH,—CH; and ——OC(0)—CH,—CH,—OCH; Polymer premix A 80
50 Monomer premix A 9
Polymer premix B 80
Monomer premix B 9
Fumed silica 10 10
Photoinitiator! 1 1
The polymerization reaction of Example 3 was repeated. 55 !Combination of bis(2,6-dimethoxybenzoyl-2,4,4-trimethyl pentyl) phosphine oxide and
. 2-hydroxy-2-methyl-1-phenyl-propan-1-one (available commercially from Ciba Specialty
When conversion of monomers reached ~95%, an excess of Chemicals as Irgacure 1700)
allylo.xygl}{mdyl etl}er (4.56g;0.40 moles) was added and the Films of the photocurable compositions Aand B, 2.0 mm in
reaction mixture stirred for 4 hours at ambient temperature. .
. . . . film thickness, were cast between release treated glass plates
The polymer was precipitated from the reaction mixture by d dto UV Licht £ Zeta72161 ith a Fusi
ddition of methanol/water, separated and diluted in THF. % and exposec o ight froma Zeta amp witha Fusion
a ; > ep - ’ Hbulb at an incident intensity of 160 mW/cm2 for 30 seconds
The THF solution was filtered through alumina e}nd the filtrate per side (60 seconds total). The cured films were removed and
eva?uateq onarotary evaporator at 9'5 torrto yield ~229 gof cut according to specification for the specific test method.
a diepoxide terminated, viscous liquid polymer haVlng. a Bulk material properties were measured on an Instron tensile
number average molecular weight of 12,500 and a polydis- 45 testeraccording to ASTM D412 at a strain rate of 20 incl/min

persity of 1.3 (GPC, PMMA standards). The structure of the
intermediate polymer was confirmed by "H NMR spectros-

and results are the average of five specimens. Durometer
hardness (Shore A) was measured according to ASTM
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D2240. Glass transition temperatures were measured by
dynamic scanning calorimetry (DSC) at a heating rate of 20°
C./min from -60 to 120° C. Compression set was determined
according to ASTM D395-03. Compressibility was defined
as the maximum extent to which a sample of known thickness
could be compressed at a given temperature (typically 150°
C.) without material failure. The results of these tests are
presented in Table 3.

Surface cure was determined by the degree of residual
tackiness in a film, 2 mm in film thickness after curing in air.
Complex shear modulus and shrinkage were both determined
using photorheometry. Samples were subjected to 1% strain
at a fixed frequency of 1 Hz while being continuously irradi-
ated under nitrogen by a high pressure mercury arc lamp at an
incident intensity of 8.5 mW/cm?. The experiment was per-
formed using 25 mm diameter parallel plates at an initial gap
of 1.0 mm; normal force measured on the plates was main-
tained at zero to allow for shrinkage measurement (i.e., gap
reduction) as samples cured.

For comparative purposes a composition consisting of an
poly(ethylene-co-methyl acrylate) dissolved in a blend of
acrylate monomers also was prepared (Composition C). The
comparative results also are presented in Table 3.

TABLE 3

Materials properties of photocured thiol-ene
elastomers and comparative elastomer

Property Composition A Composition B Composition C
Surface cure Tack-free Tack-free Tacky
Glass transition =22 -31 -20

temperature (° C.)
Tensile strength (MPa) 3 2 7

Elongation (%) 205 88 200
Durometer hardness 42 39 60
(Shore A)
Compression set:
22 h,177° C., air 45 — —
70 h, 150° C., air — 31 —
500 h, 150° C., air — — 24
Compressibility (%) 50 — 30
Complex shear 0.6 2.0
modulus (MPa)
Shrinkage (%) — 0.8 2.8

The results demonstrate that the photocured thiol-ene com-
positions of the present invention have mechanical properties
suitable for compression sealing applications. In some
respects the physical properties are significantly improved by
comparison to current acrylate-based compositions (exempli-
fied by Composition C) in particular improved surface cure,
improved compressibility and reduced shrinkage.

Example 7

In this example, a thiol-ene composition of the present
invention was cured and evaluated for oil resistance. Oil
resistance is an indication that the composition may be useful
as a sealant in automotive applications, such as automotive
gasketing applications.

Composition A of Example 6 above was evaluated for oil
resistance. Standard tensile specimens (in accordance with
ASTM D412) were prepared and suspended from wire hang-
ers in OW-30 motor oil; the oil was then heated to 150° C.
After one week, the samples were removed from the oil and
cooled to room temperature, and excess oil was blotted off.
Durometer hardness, tensile strength, and elongation were
measured on the oil aged samples according to the relevant
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ASTM’s. Results, compared with those of an unaged control
made from the same batch, are shown in Table 4.

TABLE 4

Materials properties of Composition A before and
after aging 1 week at 150° C. in motor oil

Before
Property Aging After Aging
Tensile strength (MPa) 1.3 1.5
Elongation (%) 170 170
Durometer hardness (Shore 31 23

A)

The results set forth in Table 4 above demonstrate that the
photocured thiol-ene compositions of the present invention
do not significantly degrade when exposed to hot oil and are
therefore suitable materials for sealants in automotive appli-
cations.

Examples 8-9

In these examples, multifunctional thiol-terminated poly-
acrylates are prepared. In both Examples 8 and 9, the dibromo
intermediate polymer of Example 3 is further reacted with a
multifunctional thiol.

In particular, in Example 8, the dibromo intermediate poly-
mer of Example 3 is reacted with excess trimethylolpropane
tris(3-mercaptopropionic acid) in the presence of potassium
carbonate to form thiol-terminated polyacrylates having the
formula shown below. In Example 9, the dibromo intermedi-
ate polymer is reacted with pentaerythritol tetrakis(3-mercap-
topropionic acid) in the presence of potassium carbonate to
form thiol-terminated polyacrylates having the formula
shown below.

Example 8
HS SH
o) 0 0 0
0
R*00C R o)
n S
S
n
R*0O0OC R 0
0
o) o) o) 0
HS SH
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Example 9
HS
0
i /)\ O /(\ )
’ O/\%\O O
0
R*00C R 0
n S
S
n
R*00C R o]
I
e}
© O\);/O 0
HS \j/ O \i/ SH
0
HS
R= —OC(0)—CH,—CH;, ——O0C(0)—CH,—CH,—OCH; and
— 0C(0)—(CHy);— CHs

Example 10

In this example, a tetraalkenyl-terminated acrylate terpoly-
mer is prepared using a tetra-functional initiator and a diene
terminating agent.

A tetra-functional vinyl-terminated acrylate terpolymer is
prepared according to the procedure of Example 4, in which
the initiator, diethyl dibromoadipate, is replaced by pen-
taerythritol tetrakis(2-bromopropionate) and the capping
agent, 1,7-octadiene, is replaced with 2,5-norbornadiene.
After purification, the tetra-functional norbornene-termi-
nated polymer is obtained. Preparation of the tetra-functional
norbornene-terminated polymer is shown in the following
reaction scheme.
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&
e
)\rPMDETA

DMSO
Cu(0)

%‘b
)YY

%Wb

—0C(0)—CH,—CH,—OCH;  and

(4n)

A
N

R=

—0C(0)— CH,—CH;,
—— 0C(0)— (CH,);—CHi.

Example 11

Inthis example, a tetraalkenyl-terminated acrylate terpoly-
mer is prepared using a di-functional initiator and a triene
terminating agent.

A tetrafunctional vinyl-terminated acrylate terpolymer is
prepared according to the procedure of Example 4, in which
the terminating agent, 1,7-octadiene, is replaced with 1,2.4-
trivinylcyclohexane. The tetra-functional vinyl-terminated
polymer is isolated after purification. Preparation of the tetra-
functional vinyl-terminated polymer is shown in the follow-
ing reaction scheme.

EtOO0C
R
Br \/
(2n)
PMDETA
Br DMSO
Cu(0)
EtO0C
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-continued
R R
EtOOC |
n-1 Br /
5
Br |
! 6h, 65° C.
EtOOC
10
15
20
25
R= —OCO)—CH,—CH;, ——OC(0)—CH,—CH,—OCH; and 30
——OC(0)— (CH,);—CH3

What is claimed is:

.. .. 35

1. A composition comprising:

(a) a vinyl polymer bearing at least one terminal functional
group having the formula I or II:

1
2
i 40
RI—C=C—Xunnn
H
I
(HS),— Ywnn
45
wherein:

R! and R? are independently selected from the group con-
sisting of H, C,_, alkyl and C,_ cycloalkyl, or R* and R*
when taken together with the carbon atoms to which they
are attached complete a C,_g cycloalkenyl ring option- 50
ally containing a heteroatom;

X is selected from the group consisting of C, _, , hydrocar-
byl, oxygen and sulfur, wherein said C,_,, hydrocarbyl
optionally comprises one or more groups selected from
ether, thioether, acetal, thioacetal, ester, thioester, ure- 55
thane, urea, thiourea, amine, amide, thioamide, carbam-
ate and carbonate;

Y is selected from the group consisting of C, _, ; hydrocar-
byl optionally comprising one or more groups selected
from ether, thioether, acetal, thioacetal, ester, thioester, 60

urethane, urea, thiourea, amine, amide, thioamide, car-
bamate and carbonate;

xis 1to3;

(b) a cross-linking agent comprising one or more of:

(1) a thiol cross-linking agent when said vinyl polymer of 65
(a) bears at least one functional group having the for-
mula I; or

24
(i1) a vinyl cross-linking agent when said vinyl polymer of
(a) bears at least one functional group having the for-
mula II; and
(c) a cure system, wherein said vinyl polymer has the
formula III:

RZ
RI—C=C—X——A
H n

wherein n is 2 and A is a vinyl polymer backbone selected
from the formulas V and VI:

11

v
and
(6] (6]
R3
VI
5
R*0OC i
r
r
R400C RS
wherein:

R® is selected from C,, alkyl, —CH,OCH, and
—CH,CH,OCH;;

R* is ethyl;

R? is independently selected from —OC(O)—CH,—CHs;
—OC(0)—CH,—CH,—0OCH,; and —OC(O)—
(CH,),—CHs;

m is 10 to 10,000, and

p is 5 to 5,000.

2. The composition of claim 1, wherein R? is n-butyl.

3. A composition comprising:

(a) a vinyl polymer bearing at least one terminal functional
group having the formula I or II:

R? :
Rl—C= l —Xwnan
H
I
(HS)y—Y v
wherein:

R! and R? are independently selected from the group con-
sisting of H, C,_4 alkyl and C,,_, cycloalkyl, or R' and R*
when taken together with the carbon atoms to which they
are attached complete a C, ¢ cycloalkenyl ring option-
ally containing a heteroatom;

X is selected from the group consisting of C,_,, hydrocar-

byl, oxygen and sulfur, wherein said C,_,, hydrocarbyl
optionally comprises one or more groups selected from
ether, thioether, acetal, thioacetal, ester, thioester, ure-
thane, urea, thiourea, amine, amide, thioamide, carbam-
ate and carbonate;

Y is selected from the group consisting of C,_,, hydrocar-
byl optionally comprising one or more groups selected
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from ether, thioether, acetal, thioacetal, ester, thioester,
urethane, urea, thiourea, amine, amide, thioamide, car-
bamate and carbonate;

xis 1to3;

(b) a cross-linking agent comprising one or more of:

(1) a thiol cross-linking agent when said vinyl polymer of
(a) bears at least one functional group having the for-
mula I; or

(ii) a vinyl cross-linking agent when said vinyl polymer of
(a) bears at least one functional group having the for-
mula II; and

(c) a cure system, wherein said vinyl polymer has the
formula IV:

v
(HS—Y5—A

wherein n is 2 and A is a vinyl polymer backbone selected
from the formulas V and VI:

v

and

15

20
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-continued
VI
5
R*00C
i3
i3
R*00C RS
wherein:

R? is selected from C, , alkyl, —CH,OCH, and
—CH,CH,OCH;;

R* is selected from C, 4 alkyl;

R’ is independently selected from —OC(0)—CH,—CHs;
—OC(0)—CH,—CH,—OCH; and —OC(O)—
(CH,);—CHs;

m is 10 to 10,000, and

p is 5 to 5,000.

4. The composition of claim 3, wherein R? is n-butyl.

5. The composition of claim 3, wherein R* is ethyl.

#* #* #* #* #*
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